Introduction
The commercial mushroom depends on composted substrates as a growing medium. Two phases are recognized in modern composting practices. Phase 1 takes place outdoors and includes the mixing of raw materials such as wheat straw, horse manure, chicken manure and gypsum followed by stacking them into compost piles. During this phase water is also added to the materials. Phase 1 is characterized by microbial activity and exothermic chemical reactions. The results are caramelization, ammonification and carbohydrate transformation (Sinden & Hauser 1954) . Phase 2, usually performed in insulated pasteurizing rooms, is a microbiological phase where conditions are created for the optimal development of aerobic, thermophilic micro-organisms. During this phase the microbial population uses unchanged carbohydrates remaining in the substrate at the end of phase 1. Free ammonia, which is very detrimental to the mushroom mycelium, is converted into microbial protein. The end result is a selective medium well suited for colonization by the mushroom mycelium.
Many attempts have been made to increase mushroom yield by the addition of nutrients to the compost at various stages of the growing period. Various supplements have been used during phase 1 or immediately prior to phase 2 composting. Examples of such supplements are poultry manure, brewers grains, cotton-seed meal, malt sprouts, sewage sludge, dried blood, and marine fishery products (Schisler 1964; MacCanna 1968; Schisler & Patton 1971) . Supplementation at this stage is of limited value. Early compost supplementation stimulates the compost microbial population and not necessarily the mushroom mycelium itself, as little of the original additive remains available at the end of the composting process. The kinds and amounts of the supplements which can be added during phase 1 and phase 2 should be compatible with the composting process. Supplements with a low C/N ratio, for instance, may result in prolonged ammonia release and poor composting (MacCanna 1968) . The composting process itself also limits the concentration of the nutrients in the final compost, irrespective of the initial rate of supplementation (Carroll 1973) . It is difficult to raise the nitrogen content of the final compost above 3070 by merely increasing the amount of nitrogen-rich additives . This often leads to a prolonged loss of nitrogen through the evolution of ammonia.
With these limitations in mind, mushroom scientists experimented with supplementation of compost at later stages of the production cycle to improve mushroom production. In the early 1960's yield increases were reported when compost was supplemented with uncomposted protein-and lipid-rich organic substrates at spawning, at casing and even later in the growing cycle . Supplementation at spawning (SASING) poses various problems. Excessive heat generation during the spawn run and a strong stimulation of competitor moulds drastically limit the rate at which carbohydrate-and protein-rich supplements can be used and consequently their corresponding benefits. Supplementation at casing (SACING) is much more successful . Results showed that much higher concentrations of nutrients could be added and yield increases were almost proportional to the amount added. Some precautions are, however, necessary when practising SACING. Supplementation should be done very hygienically and compost containing weed moulds, nematodes, mites or disease causing organisms should not be supplemented. This could lead to the dispersal of these organisms throughout the compost when it is fragmented prior to supplementation and they could multiply very rapidly in the period during which the mushroom mycelium recovers its growth (Royse & Schisler 1980) . SACING requires additional emptying of trays, thorough mixing of compost and filling the supplemented compost into trays again. This method would be expensive and impractical in the tray method of growing mushrooms practised in South Africa.
Interest in the supplementation of compost was renewed when Carroll & Schisler (1976) introduced the concept of delayed-release nutrients. They significantly increased yield by SACING with formaldehyde-and heat-treated cotton-seed meal. This treatment denatured the protein of the product, stimulated mycelium growth of the mushroom and caused a somewhat lower temperature increase during spawn-run. Weed moulds were also less active. The commercial product Spawn Mate (US Patent No. 3942969), based on the work of Carroll & Schisler (1976) is now available. Although it gives good results, its very high price due to it being imported to South Africa, limits its widespread use. We have therefore performed a series of cropping experiments to evaluate various locally available protein-rich organic substrates for use at SACING and SASING and to compare their performance with that of Spawn Mate.
Materials and Methods

Supplements
Five supplements were evaluated during these cropping trials. 1. Soya-bean meal. After removal of oil from soya-beans a coarse meal, with less than 1 UJo oil, is recovered. It contains 42UJo protein, 8UJo fibre and has an ash content of 5,9UJo. 2. Sunflower meal. After removal of oil from sunflower seed the resultant meal contains 40UJo protein, 2UJo oil, 16UJo fibre and has an ash content of 7,5UJo. 3. Maize gluten. A by-product of maize, it contains 46UJo protein and 0,5UJo fat. 4. Superspawn. A commercial product of vegetable origin, distributed by Croxton and Garry in the UK. It is a heat treated by-product of a manufacturing process and contains 25UJo protein and 48UJo carbohydrate (Randle et al. 1983) . 5. Spawn Mate B300. This new formulation of a delayed release nutrient offers, according to the manufacturers Spawn Mate, Inc San Jose, easily assimilated proteins and polyunsaturated lipids. It contains 26% protein and 1 UJo fat. Carroll (1973) reasoned that changing the chemical make-up of supplements could make them less available for micro-S.·Afr. Tydskr. Plantk., 1986, 52(2) organisms. This would reduce the initial heat surge in compost after its addition and also overcome the problem of excessive mould growth. Since a large portion of natural supplements consist of protein a good way of altering the supplement would be to denature the proteins. Formaldehyde combines with the amino group of amino acids and a less soluble methylol derivative is formed (Lehninger 1970) . Heat also denatures proteins by breaking the hydrogen bonding and fragmenting the proteins into shorter peptide chains (Lehninger 1970) . This approach led Carroll and Schisler (1976) to develop delayed release supplements. Soya-bean meal used in the present study was treated variously to denature the proteins. The material was treated with dry heat, liquid formaldehyde and a combination of dry heat and formaldehyde gas in a vacuum oven (De Wet et al. 1969) .
Supplement treatment
Experimental design
Commercially prepared mushroom compost was kindly supplied by Tongaat Mushrooms (Transvaal) (Pty) Ltd. The compost was prepared according to the short method of composting (Sinden & Hauser 1950 ) using wheat straw and horse manure. The nitrogen content at the end of phase 2 was approximately 2,05UJo and the average moisture content 66UJo.
Agaricus bisporus strain Hauser AX60 was used in all trials. The normal rate of spawning of 0,5UJo (on a dry compost basis) was used except in one trial where a double spawning rate was used. The spawned compost was filled in wooden growing trays having a surface area of 0,558 m 2 and a depth of 0,18 m. Each tray received 30 kg (fresh) compost, giving a filling density of 54 kg m -2. Each tray was weighed individually to assure uniformity. The spawned trays were placed in a controlled environment where relative humidity and temperature could be controlled. Compost temperatures were recorded daily. After a spawn run of 13 days the trays were cased with a 50 mm layer of pasteurized peat/limestone mixture. The casing was watered and its moisture content raised to field capacity. The trays were placed in a commercial growing room and the normal growing cycle followed. Pinning was initiated by lowering the air temperature and flushing the mushroom beds with fresh air. The experimental trays were kept in the growing rooms for 43 days (from casing) allowing the harvesting of three mushroom breaks. The mushroom crop picked from each tray was weighed individually at each pick.
Each treatment was replicated 15 times and normally three treatments, including a control, were used per cropping trial, giving a total of 45 trays. An analysis of variance on all yield data of picked mushrooms was carried out and the least significant difference between the means calculated.
Supplements were added either at spawning or at casing. In most instances the supplements were added at a rate of 3,5UJo on a dry compost basis (see Table 2 for other concentrations). The supplement was thoroughly mixed with the compost. This is an absolute prerequisite for successful supplementation.
Results and Discussion
Supplementation at casing All the supplements added to the fully grown compost at the time of casing increased the yield of mushrooms significantly (Table 1 ). The untreated sunflower meal and the soya-bean meal caused a 2,5°C increase in compost temperature above the control on days 2 and 3 after casing. The treated supplements also increased the compost temperature, but never more S. Afr. J. Bot., 1986, 52(2) than 1°C while the Superspawn had a very slight influence on temperature, usually less than a,5°c. The rise in compost temperature could become inhibitive if untreated supplements are added at higher concentrations. The relatively low supplement rate of 3,5070 of these trials did not affect the mushroom mycelium detrimentally. Untreated sunflower meal and heat-treated soya-bean meal had the most pronounced stimulatory effect on mushroom yield. The soya-bean meal treated with formaldehyde and heat had the least influence. This is believed to be an indication that the treatment is effective in making the product less available in the short term. It must be borne in mind that these trials were only run for three breaks. The effect of the treated soyabean meal would probably be seen later in the crop. This was borne out by the results obtained with SASING.
The commercial product Superspawn did not stimulate production to the same extent as the natural products. This is in agreement with the fmdings of Gerrits (1983) . Better yields would probably result from using this product in SASING. Supplementation at casing did not stimulate the growth of weed moulds. Apparently the fully grown compost is much better buffered against invasion of foreign moulds and hence supplementation, even at much higher concentrations than those used in this study, can safely be used. found that yield increases were almost proportional to the amount of SACING.
Supplementation at spawning
The use of untreated natural supplements, such as soya-bean meal, at spawning was not successful. At a rate of 3,5070 143 supplementation there was a slight increase in mushroom production (Table 2 ). Higher applications of 6070 and 9070 of this supplement proved to be disastrous. From the second day after spawning the temperature of the compost started to rise dramatically, reaching a peak on day 3 to 4. The temperatures in these experimental trays were at least 8°C higher than that of the non-supplemented control trays. The relatively high temperatures not only inhibited or even killed the mushroom mycelium, but also stimulated the growth of various weed moulds. The following moulds were recorded: Aspergillus fumigatus Fres., Chaetomium olivaceum Cooke & Ellis, Penicillium spp, Rhizopus stolonifer Ehrenb. ex Fr., Scopulariopsisjimicoia (Cost. & Matr.) Yuill. and Trichoderma viride Pers. ex Fr. Consequently this trial had to be terminated.
Treating the soya-bean meal supplement with formaldehyde and heat dramatically improved its performance. It not only stimulated mushroom production but there were less weed moulds and very little thermogenesis in the compost. The influence of this supplement on mushroom yield is comparable with that of Spawn Mate. Hauser and Sinden (1959) found that increasing the amount of spawn mixed into the compost increased mushroom yield slightly. Schisler and Patton (1978) found that by combining an increased spawning rate with delayed release nutrient supplement, the mushroom yield can be substantially increased. In Table 2 the slight stimulation of mushroom yield of the one control over the other, due to doubling the spawning rate, can be seen. An attempt was made to evaluate the effect of an increased spawning rate with the addition of an untreated supplement. The reasoning behind this procedure is that a higher spawning rate could lead to a more rapid colonization of the compost by the mushroom mycelium. In combination with this treatment the compost was incubated at a much lower temperature of 16°C during the first five days of the spawn run. This was an attempt to suppress weed moulds and keep the compost temperature under control. From the results (Table 2) this treatment proved to be quite successful, at least at the relatively low level of 3,5070 at which the soyabean meal and the gluten-meal were applied.
Influence of SASING on the different mushroom breaks
This investigation confIrms the fIndings of previous investigators, such as Carroll and Schisler (1976) , that treating supplements to denature the proteins, leads to a slow release of available nutrients and increased mushroom yields during early and, more important, later stages of the mushroom crop (Table 3 ). The two untreated supplements had a marked 8,90 (72,1070) 8,00 (54,7070) 5,82 (12,6070) 5,17 5,74 ( 7,5070) 3,95 (150,0070) 4,10 ( -23,2070) 1,76 ( 11 ,3070) 4,77 (-10,7070) 1,82 ( 15,2070) 5,86 ( 9,7070) 3,76 (138,0070) 15 ,29 (26,5070) 14,76 (22 ,1070) 14,59 (20,7070) 15, 44 (27,7070) 12,09 5,34 1,58 * Treated ** Untreated stimulation on the first break but this effect disappeared after the second break. The treated soya-bean meal gave very similar results to those achieved with Spawn Mate. SA SING enhanced total production and improved individual breaks.
Conclusion
We conclude that products available on the local South African market can be used as supplements for mushroom compost and with the proper treatment they can be altered to delayed release nutrients. Our results show that we could increase mushroom production significantly by both supplementation at spawning and supplementation at casing. Owing to the practical problems with supplementation at casing, further efforts will be concentrated on supplementation at spawning. In this instance it is necessary to determine the optimum spawning rate, the type of substrate used as supplement, the most effective treatments rendering it a delayed release nutrient and the cost effectiveness of supplementation. This work is currently in progress.
